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Abstract 
!!!The purpose of this study is to obtain the heat extraction of the supercritical CO2 in the reservoir for the EGS. The 
heat transfer model conjugated with the Darcy’s law employed by the finite element package is used to obtain the 
thermal behavior in the porous medium. The sensitivity parameter study under the various inlet velocities and 
porosities of the porous medium are discussed. The results show that the inlet velocity is the most important effect for 
the heat extraction. The temperature of exit decreases as the inlet velocity increases apparently. It means that the heat 
extraction will increase as the velocity decreases. However, it is evident gradually as the porosity decreases. This 
study can enhance the heat extraction and reduce the cost of realistic test of enhanced geothermal system. 
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1. Introduction 
ġġġGeothermal energy is one kind of renewable energy and emissions very less CO2. Brown proposes 
the CO2-EGS in 2000 first [1]. The advantages of this system are an excellent buoyant driving, the 
inability of dissolving with mineral species, and without the problem associated with the silica dissolution. 
Recently, the studies related to CO2-EGS are flourished published. Wan et al. review the impact of fluid-
rock interaction on CO2-EGS in 2011 [2]. Several issues have been discussed to understand the 
availability of the CO2-EGS, these include the CO2 mineralization, such as CO2 injection in granite and 
sandstone [3], the CO2 sequestration in deep-saline aquifers [4], CO2 flow in low permeability reservoirs 
[5]. Pruess et al. build the numerical model TOUGH for the multiphase flow in permeable media in 2004 
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[6]. In addition, Xu follows the Pruess’s research to develop the advanced TOUGH [7]. However, the 
above approaches have some limits in this application, such as supercritical fluid, the absence of 
experimental system for reservoir. From the above, this paper proposes a supercritical CO2 model 
combined with the porous medium to solve the heat problems in order to complete the above absence.  
 
Nomenclature 
h           heat transfer coefficient 
qw         heat flux on the outer tube surface  
ε           Porosity 
κ          Permeability 
λ          thermal conductivity 
 
 
2. Modeling 
 
This study discusses the heat transfer conjugated phenomena of supercritical carbon-dioxide flow in 
porous media. To obtain the temperature evolution and the fluid flow in the heated porous media and 
achieve a more realistic analysis by the multiphysics analysis package are the purposes of this study.  
The governing equation of this study describes the heat exchange between fluid flow and porous media 
include several equations as follows. The momentum equation is obtained by Darcy flow model is: 
pu  P
N                                                                                                                                                  (1) 
Continuity equation is   0  PUf                                                                                                                                                (2) 
Energy equation is   0 qw   TTuCp OU , where   fs HOOHO  1 ,   ff ppssp CCC HUUHU  1                                   (3) 
    In this model, the supercritical carbon-dioxide flows into the heated porous medium. A 3D model 
combined with Darcy flow model and heat transfer model is established by finite element method. The 
material of tube is stain steel. The length, outer-diameter and inner-diameter is 133mm, 20mm and 10mm, 
respectively. The wall heating condition is subjected on the wall of tube. The supercritical properties of 
carbon-dioxide are assumed. The schematic diagram of this model is shown in Fig. 1.  
 
 
Fig. 1 The schematic diagram of test tubeġ
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3. Results and Discussions 
 
Four kinds of inlet velocity ( 0.2, 0.4, 0.6, 0.8 ) and porous porosity ( 0.2, 0.4, 0.6 and 0.8) are studied, 
respectively. The temperature difference on the exit with the various velocity is shown in Fig. 2. Here, the 
porosity is 0.2. We can find that the temperature difference is 42.4K at 0.8 m/s, and approaches to 110K 
at 0.2 m/s. Obviously, the temperature difference decreases as the inlet velocity increases. The behaviour 
of supercritical fluid is similar to the general fluid. The slower flow can extract the more heat from the 
environment. It can apply to the better heat extraction under the lower inlet velocity.  
ġ
Fig.2 The temperature difference between the fluid and tube wall on the exit with various inlet various. 
 
In addition, the effects of the porosity are discussed. The profiles of temperature difference with the 
different inlet velocity and the various porosity are shown in Fig. 3 (a). Throughout the Fig. 3 (a), the 
temperature difference is 42.4K, 34.3K at the porosity is 0.2, and 0.8, under the velocity is 0.8 m/s. 
Furthermore, the temperature difference is 110K, 105.8K at the porosity is 0.2, and 0.8, under the velocity 
is 0.2 m/s. Therefore, it is obviously that the heat extraction will affect by the porosity. In advance, the 
inlet velocity is the major parameter for the heat extraction and the minor effect of the porosity should be 
considered. The small porosity presents the larger heat transfer area. Therefore, the effects of larger heat 
transfer area and slower flow will increases the heat extraction effectively. The heat extraction with 
various inlet velocity and various porosity are shown in Fig. 3 (b). The heat extraction is 597.6 W and 
538.6 W at the porosity is 0.2, and 0.8, under the velocity is 0.8 m/s, and,  239.3W, 234.8W at the 
porosity is 0.2, and 0.8, under the velocity is 0.2 m/s. It proofs that the heat extraction is affected by the 
inlet velocity and porosity. In addition, we notice that the effect of the porosity is apparent as the inlet 
velocity increases. We expect these results can result in the better operating conditions for the 
improvement of the efficiency of the CO2-EGS.  ġ
ġġġġġġġ ġ
Fig.3 (a) The temperature difference between the fluid and tube wall (b) the heat extraction, on the exit with various inlet velocity 
and porosity. 
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4. Conclusion 
 
ġġġThis study is to discuss the heat extraction of the supercritical CO2 in the geothermal reservoir for the 
enhanced geothermal system. The sensitivity parameter study under the various inlet velocities and 
porosities of the porous media are discussed. The inlet velocity is the major parameter for the heat 
extraction and the minor effect of the porosity should be considered. The effects of larger heat transfer 
area and slower flow will increases the heat extraction effectively. This study can enhance the heat 
extraction and reduce the cost of realistic test of enhanced geothermal system. We expect these results can 
result in the better operating conditions for the improvement of the efficiency of the CO2-EGS.  
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